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THREE-DIMENSIONAL VISION
ENDOSCOPE WITH POSITION
ADJUSTMENT MEANS FOR IMAGING
DEVICE AND VISUAL FIELD MASK

This application is a continuation of application Ser. No.
08/073,321 filed Jun. 8, 1993, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

10

The present invention relates to a three-dimensional

vision endoscope apparatus for three-dimensionally display-
ing a subject for observation.

2. Description of the Related Art

In recent years, endoscopes permitting observation of
organs in body cavities and enabling a variety of treatment
procedures have been put to use. Endoscopes for industrial
use have been utilized to observe and inspect boilers,
gas-turbine engines, pipes in a chemical plant, and insides of
engines of automobiles in order to see if flaws and corrosion
are present.

The endoscope for observing organs in body cavities falls
into a class of a flexible endoscope whose insertional part is
flexible and insertable into a body cavity through the oral
cavity for observation and evaluation of a lesion, and a rigid
endoscope whose insertional part is rigid and insertable
straight into an intended region for observation and evalu-
ation of a lesion.

The flexible endoscope, which is of an optical type,
employs flexible image guide fibers as an image transmlttmg
means. The rigid endoscope offers excellent sniping effi-
ciency because of the rigid ingsertional part thereof, wherein
a relay optical system is usually employed as an image
transmitting means.

The endoscope including the rigid endoscope is divided
Into a type that permits observation of an optical image with
naked eyes and a type that uses a solid-state imaging device
such as a charge coupled device (CCD) as an imaging
means. Whichever type of endoscope is employed, the
inside of a body cavity that is an object of examination is
visualized as, for example, a plane without depth perception.
It 18, therefore, difficult to observe the fine irregularities on
the surface of an inner wall of a body cavity that provide a
very important diagnostic guideline.

Japanese Patent Laid-Open No. 57-69839 has proposed,
for example, a three-dimensional vision endoscope in which
ends of a pair of image guides are provided with objective
lenses and the other ends thereof are provided with eye-
pieces. In the three-dimensional vision endoscope, the pair
of 1mage guides are lying through an insertional part of the
endoscope and a convergence angle formed between an
objective lens and an object point of observation is set to an
angle permitting three-dimensional vision. Thus, stereo-
scopic observation is enabled.

The foregoing three-dimensional vision endoscope is
based on a flexible endoscope. In a three-dimensional vision
endoscope based on a rigid endoscope (hereinafter, referred
to as a three-dimensional vision rigid endoscope), two relay
optical systems are placed in parallel with each other
Optical images provided by the two relay optical systems are
processed by CCDs or the like, thus enabling three-dimen-
sional observation. For example, U.S. Pat. No. 4,924,835
describes an arrangement that comprises two light transmit-
ting means and two shutters, and that enables three-dimen-
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sional observation by shielding two observation images,
which are provided by the light transmitting means, alter-
nately using the shutters. The three-dimensional vision
endoscope provides an observer with left and right optical
images having a parallax between them. The observer looks
into eyepieces through special glasses, and thus views a
three-dimensional image. Alternatively, left and right
images of a subject are displayed on a monitor to provide a
three-dimensional image. The above three-dimensional
vision endoscope is included in a three-dimensional vision
rigid endoscope apparatus. The three-dimensional vision
rigid endoscope apparatus converts an observation image
Into an electrical signal using an imaging means, processes
the electrical signal, and then displays left and right images
on a monitor screen concurrently or alternately.

In either of the techniques; that is, whether left and right
images are displayed on a monitor concurrently or alter-
nately, left and night images of a subject displayed on the
monitor become consistent when viewed through the afore-
said glasses. Eventually, a stereoscopic image is observed.

However, in some three-dimensional vision rigid endo-

~ scopes each having two optical systems, the optical systems

are formed independently of imaging means and made freely
dismountable. In this kind of three-dimensional vision rigid
endoscope, when optical systems, which are different from
each other in orientation of a visual field, angle of view, and
picture size, are used in combination with imaging means,
the optical axes of the optical systems may become mis-
aligned to mismatch left and right images in an observation
screen on a monitor. A difference in the magnification or
depth of field between the optical systems may lead to a
mismatch in display position between left and right images,
which disables the capabilities for three-dimensional recog-
nition of a visualized subject. The mismatch in display
position between left and right images sometimes occurs due
to a mechanical impact not only in a three-dimensional
vision rigid endoscope in which optical systems are dis-
mountabie but in a three-dimensional vision endoscope in
which optical systems are united with imaging means.

The left and right images have a parallax between them.
Even when the contours of the left and right images are
mismatched, if a quantity of mismatch in display position
between the left and right images is within an approximate
range, an observer can see a-consistent image while having
no sense of unnaturalness but a sense of three-dimension-
ality.

However, when a quantity of mismatch in display position
between left and right images is too large, the left and right
images do not become consistent with each other. The
observed image is therefore not recognized three-dimen-
sionally, which causes an observer to feel terrible fatigue.
Thus, the three-dimensional visualization procedure has
been found a nuisance.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a three-
dimensional vision endoscope apparatus in which a quantity
of mismatch in display position between two subject images
on a display screen, which results from a mismatch between
optical axes, can be calibrated to fall into a range providing
optumnal three-dimensionality thus causing an observer to
feel less fatigued.

Briefly, a three-dimensional vision endoscope apparatus
according to the present invention comprises a pair of
optical systems for transmitting an image of a subject as two




5,577,991

3

subject images having a parallax between them, a pair of
imaging means for imaging the subject images transmitted
by the optical systems, a display means for alternately or
concurrently displaying two subject images having a paral-
lax between them which have been picked up by the imaging
means, and adjusting means for adjusting display images of
objects located at specified distances from positions at which
subject images enter the optical systems, so that the display
images of the objects will become consistent with each other
on a screen of the display means.

Other features and advantages of the present invention
will be apparent from the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view showing a structure of a
three-dimensional vision rigid endoscopc;

FIG. 2 is an oblique view of the three-dimensional vision
rigid endoscope;

FIG. 3 shows a configuration of a three-dimensional
vision rigid endoscope apparatus;

FIG. 4a shows a reference image formed on the bottom of
a calibrator;

FIG. 4b 1s a cross-sectional view of the calibrator for a
three-dimensional vision rigid endoscope;

FIG. 5 is an explanatory diagram showing a quantity of
mismatch between 1mages resulting from a difference in the
position of a reference image:

FIG. 6 is an explanatory diagram for imaging ranges
comparing contours of images;

FIG. 7 is an explanatory diagram showing a schematic
arrangement of a general three-dimensional vision endo-
scope apparatus;

FIG. 8 1s an explanatory diagram showing a schematic
arrangement of a three-dimensional vision endoscope appa-
ratus having adjusting means for mechanically adjusting the
relative positions of optical systems with respect to CCDs;

FIG. 9 is a partly cut-out cross-sectional view of a
position adjusting mechanism for mechanically adjusting
the relative position of an optical system with respect to a

CCD;

FIG. 10 1s a plan view viewing the position adjusting
mechanism in FIG. 9 from the back thereof;

FIG. 11 is a partly cut-out cross-sectional view of a
position adjusting mechanism for adjusting the relative
position of a CCD by means of electrical drive;

FIG. 12 is a plan view viewing the position adjusting
mechanism in FIG. 12 from the front thereof;

FIG. 13 is a plan view viewing the position adjusting
mechanism in FIG. 12 from the back thereof;

FIG. 14 1s a cross-sectional view showing a structure of
a visual-field mask moving mechanism;

FIG. 15 i1s an explanatory diagram for explaining the
operation of the visual-field mask moving mechanism;

FIG. 16 shows a structure of a three-dimensional vision
rigid endoscope having an automatic focusing mechanism;

FIG. 17 is a block diagram showing a automatic focusing-
related mechanism and electric circuitry;

FIG. 18 schematically shows a configuration of a three-

dimensional vision rigid endoscope apparatus relating to the
variant in FIG. 17;

FIG. 19 is an explanatory diagram schematically showing
an arrangement of a three-dimensional vision endoscope
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4

having a focusing mechanism and a mismatch value adjust-
ing mechanism:;

FIG. 20 is an explanatory diagram showing another
arrangement of the three-dimensional vision rigid endo-
scope apparatus in FIG. 19;

FIG. 21 1s an explanatory diagram showing a yet another
arrangement of the three-dimensional vision rigid endo-
scope in FIG. 19;

FI1G. 22 shows an arrangement of a three-dimenstonal
vision rigid endoscope in which a focusing range is
restricted:

FIG. 23 is an cxplanatory diagram for explaining the
relationships between a change in focal distance and a
change in three-dimensional vision range; and

FIGS. 24a and 24b are explanatory diagrams each show-
ing an image formation area for a subject image in a
three-dimensional vision endoscope and an imaging area in

a CCD.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIGS. 1 to 5, the first embodiment will be
described.

A three-dimensional vision endoscope apparatus in this
embodiment employs a rigid endoscope.

A three-dimensional vision endoscope 43 shown in FIG.
1 includes relay optical systems 44a and 445 designed for
three-dimensional observation, and CCDs 45z and 455 for
picking up subject images transmitted by the relay optical
systems 44a and 44b. Thus, the three-dimensional vision
endoscope 43 produces left and right subject images having
a parallax between them.

As shown in FIG. 2, the three-dimensional vision rigid
endoscope 43 includes a rigid insertional part 46, and an
operational part holder 47 coupled with the insertional part
46. A cable 48 extends from the back of the operational part
holder 47. The relay optical systems 44a and 44b are
incorporated in the insertional part 46.

As shown in FIG. 1, the operational part holder 47
consists of a cover member 47a serving as a distal portion
and a holder body 47b engaged with the back end of the
cover member 47a. The holder body 47b has a back member
47¢ which engages with a projection projecting behind the
holder body. A member for shielding the cable 48, for
example, a cable bend protector 49 made of a resin, is
engaged with the back end of the back member 47¢. A seal
member 474 is interposed between the cover member 47a
and holder body 47b, thus tightly shutting out water from an
internal space to be created when the cover member 474 is

engaged with the holder body 475.

A prism 30, which reflects subject images transmitted by
the relay optical systems 44a and 445 in directions perpen-
dicular to the optical axes of the optical systems, 1s placed
in the cover member 47a of the operational part holder 47.
[n addition, mirrors S1a and 51b for reflecting two subject
images reflected from the prism 50 in directions parallel
with the optical axes of the relay optical systems, and image
formation lenses 52a and 52b for forming images reflected
from the mirrors Sla and 515 are incorporated in the cover
member 47a.

A cover glass 53 1s placed in the vicinity of a distal
opening of the holder body 475 of the operational part holder
47. The holder body 47b includes the CCDs 45a and 45b

which receive and pick up two subject images formed by the
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image formation lenses 52a and 52b via the cover glass 53.
Peripheral circuits 58a and 586 are connected to the back

ends of these CCDs 45a and 455.

The CCDs 45a and 45b convert formed left and right
subject 1images into electric signals respectively, and output
the electric signals to a control unit 30 shown in FIG. 3 over

a cable 48.

An illumination optical system, which is not shown, is
incorporated in the three-dimensional vision rigid endo-
scope 43. Illumination light is supplied from the control unit
30 to the illumination optical system.

As shown in FIG. 3, the control unit 30 is electrically
coupled with the three-dimensional vision rigid endoscope
43 over the cable 48. The contro! unit 30 drives the CCDs
45a and 45b, processes output electrical signals, and dis-
plays left and right subject images on a monitor 31 alter-
nately at a rate of, for example, 30 times per second. When
an observer sees the subject images displayed on the monitor
using interceptive glasses, the observer recognizes a stereo-
SCOpIC 1mage.

More particularly, the left and right interceptive glasses
are alternately intercepted from light in synchronization with
the display of an image. An after-image effect is then utilized
to allow an observer to experience three-dimensionality.

Since the left and right subject images transmitted by the two

relay optical systems have a parallax between them, the
images arc seen as a single three-dimensional image.

In the three-dimensional vision rigid endoscope 43 shown
in FIG. 1, the operational part holder 47 can be divided into
an imaging section (proximal portion) including CCDs and
an optical section (distal portion) including a prism. The
proximal and distal portions can be easily united easily.

In other words, the optical section and imaging section
can be attached to or detached from each other freely. The
optical section can therefore be united with CCDs, which
results in the improved operability of the three-dimensional
vision endoscope 43. Furthermore, a variety of combinations
are realized among optical systems, which differ from one
another in the ornentation of a visual field, magnification,
picture size, and depth of field, and imaging means which
differ from one another in the number of images.

The optical axes of the relay optical systems incorporated
in the insertional part of the endoscope are angled using a
prism and mirrors which constitute an optical path altering
means. The three-dimensional vision rigid endoscope 43 can
therefore employ large CCDs providing high resolution.

It 1s desirable that the insertional endoscope part is made
smaller 1n diameter for greater insertional smoothness. To
cope with this need, the two relay optical systems must be
arranged as close to each other as possible. In the three-
dimensional vision rigid endoscope 43, an optical path
altering means is incorporated in the operational part holder
47 that may be larger in diameter to some extent, and the
optical paths are designed to match the optical axes of two
CCDs.

In the three-dimensional vision rigid endoscope 43, the
optical path altering means may be installed in the imaging
means.

FIG. 4b shows a cross section of a calibrator for a
three-dimensional vision rigid endoscope relating to the
present invention. FIG. 4a 1s an arrow-A view -of FIG. 4b.

A calibrator 1 shown in FIG. 4b provides a reference in
calibrating a quantity of mismatch between left and right
subject images so that optimal three-dimensionality can be
given at a specified position. The calibrator 1 has a cylin-
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6

drical shape and forms an opening 2 at one end. The distal
end of the insertional part of the three-dimensional vision
rigid endoscope 43 is fitted into the opening 2 so as to be
detached freely. A reference image 3 serving as a reference
in calibrating a quantity of mismatch is, as shown in FIG. 4a,
formed on the internal bottom la of the cylinder of the
caltbrator 1. In the calibrator 1, a distance L of the reference
image 3 on the internal bottom from the distal surface of a
fitted endoscope is determined so as to nullify a quantity of
mismatch between left and right subject images.

The distance L in FIG. 4q is, in general, set to a distance
of a subject, which 18 most frequently visualized using a
three-dimensional vision endoscope, from the distal surfaces
ot objective lens systems. The distance L is, for example, 50
mm or 30 mm. |

FIG. 5 shows a mismatch in display position between
subject 1mages displayed on a monitor. As illustrated, when
the position shown in FIG. 1 at which a subject is imaged
changes to a position B, position C, and position D, images
displayed on the monitor vary. To be more specific, when a
subject 18 1maged at the position C, the left and right images
become consistent with each other to produce an easy-to-see
image allowing an observer to experience three-dimension-
ality but feel less fatigued. The position B is too far, but the
position D i1s too close. As a result, the left and right images
are separated from each other, causing an observer to feel
very fatigued.

Referring to FIG. 3, a signal processing system for
producing a three-dimensional tmage and a circuitry for
calibrating 1t, which are installed in the control unit 30, and
the operation of the signal processing system and circuitry
will be described below.

The control unit 30 comprises signal processing circuits
32a and 32b for performing gamma correction and other
processing on electric signals provided by the CCDs 454 and
45b, A/D converters 33a and 33b for converting video
signals provided by the signal processing circuits 32a and
32b from the analog form into the digital form, frame
memories 34a and 34b for storing digitized outputs frame by
frame, and D/A converters 35a and 35h for converting
signals read from the frame memories 34a and 345 from the
digital form into the analog form,

The control unit 30 includes a three-dimensional conver-
sion circuit 36 for displaying the outputs of the D/A con-
verters 35a and 35b alternately on the monitor 31. When
seeing images on the monitor 31 using interceptive glasses,
an observer can observe an image of a subject having
three-dimensionality.

As for a technique for realizing three-dimensional vision,
the concurrent display of left and right images on two
respective monitors may also apply instead of the alternate
display of left and right images on the monitor 31.

The control unit 30 further includes contour extracting
circuits 37a and 37b for extracting contours from images
provided by the A/D converters 33a and 33b, an image
mismatch detector 38 that compares the outputs of the
contour extracting circuits 37a and 37b to detect a quantity
of mismatch between images, and memory control circuits
39a and 39b that control reading of the frame memories 34a
and 34/ according to the output of the image mismatch
detector 38.

The image mismatch detector 38 detects a quantity of
mismatch when a button 60 formed on the operational part
holder 47 of an endoscope is turned on. The memory control
circuits 39a and 3956 control the sequence of reading
addresses 1n the frame memories 34a and 345 so as to cancel
out a quantity of mismatch.
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The control unit 30 may detect a quantity of mismatch
only once. Alternatively, the image mismatch detector 38
may also detect a quantity of mismatch to confirm that the
quantity of mismatch is within an appropriate range. When
it is found that the quantity of mismatch exceeds the
appropriate range, processing is restarted in order to cancel
out the quantity of mismatch. Video signals read from the
frame memories 34a and 345 are then displayed at substan-
tially consistent positions on the monitor 31, allowing an
observer to observe a subject image with three-dimension-
ality.

By the way, processing is usually done in the center of an
image. The portion of a subject (for example, an organ)
visualized as the periphery of an image is located at a
distance diftferent {from the portion thereof visualized as the
center thereof. A quantity of mismatch in the periphery of an
image therefore differs from or is larger than that in the
center thereof. When part of an endoscopic image is sampled
to detect a quantity of mismatch between left and right
images, as shown in FIG. 6, a region of interest serving as
a sampling range is set to be smaller than an image size but
include the center of the endoscopic image. Left and right
images should therefore be compared with each other within
the region of interest to detect a quantity of mismatch
between the left and right images.

When the button 60 is off, the memory control circuits
39a and 396 compose a screen along with the read of
standard video signals. The memory control circuits 394 and
396 control writing of the frame memories 34a and 34b.

The distance L in the calibrator 1 is set substantially
1dentical of distance to the position C. Though a simple jig,
this calibrator provides the three-dimensional rigid endo-
scopc apparatus 40 of this embodiment with a reference for
calibrating a quantity of mismatch between left and right
images and thus permitting three-dimensionality at an opti-
mal position. Since the calibration button 60 is formed on
the operational part holder 47, once the button 60 is pressed,
the control unit 30 operates to calibrate the mismatch in
display position between left and right images. The control
unit 30 controls reading of the frame memories 34a and 34b
according to the quantity of mismatch detected by the image
mismatch detector 38, and calibrates the quantity of mis-
match 1n display position between left and right images.
Consequently, the left and right images whose display
positions have become substantially (optimally) consistent
with each.other are displayed on the monitor 31. An observer
will therefore not feel fatigued but can observe a subject
image with optimal three-dimensionality.

As described previously, this embodiment can calibrate
mismatch between left and right subject images resulting
from mismatch between optical axes. The three-dimensional
vision rigid endoscope in this embodiment can calibrate the
mismatch in display position between left and right images
occurring with different optical systems, that is, optical
systems different from each other, for example, in orienta-
tion of a visual field, angle of view, and picture size are
combined with imaging means. The mismatch in display
position between left and right images resulting from the
difference in magnification or depth of field between optical
systems can also be calibrated.

This embodiment includes an adjusting means that uses

electrical signals provided by CCDs to perform electrical

adjustment. An alternative adjusting means adjusts the mis-
match between optical axes by driving optical systems
mechanically or electrically. The button 60 may be a foot
switch.
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The three-dimensional vision endoscope apparatus in this
embodiment may be based not only on a rigid endoscope but
also on a flexible endoscope in which flexible image guide
fibers are used instead of relay optical systems as light
(ransmitling means.

Examples of adjusting means for adjusting optical sys-
tems mechanically will be described below.

In a three-dimensional vision endoscope apparatus, as
shown in FIG. 7, built-in CCDs 93a and 93/ are usually
locked in TV cameras 92a and 92b serving as imaging
means connected to eyepiece units in a three-dimensional
vision endoscope 91. The positions of the CCDs 934 and
936 are fixed with respect to optical systems in the three-
dimensional vision endoscope 91. To produce a high-quality
observation image with three-dimensionality, the positions
of images in the centers of visual ficlds must be aligned with
the CCDs. However, since the CCDs are stationary, the
1mages in the centers of visual fields may not align with the
same points due to a variation between optical systems or a
positional variation between CCDs. The images are there-
fore not seen as a subject image with three-dimensionality.

As shown 1n FIGS. 8 to 10, adjusting means for adjusting
the relative positions of CCDs with respect to optical
systems are installed to permit three-dimensional vision.

As shown in FIG. 8, a three-dimensional vision endo-
scope 101 has two observation optical systems 102a and
102b6. ATV camera 103 is coupled with the back ends of the
observation optical systems 102a and 1025, and thus picking
up two subject images having a parallax between them. The
TV camera 1s an independent unit including image forma-
tion optical systems and CCDs which are incorporated in the
operational part holder 47 in the previous embodiment.

The TV camera 103 includes image formation lenses 104a
and 1045. CCDs 105a and 1055 are arranged so as to pick
up subject images at the image forming positions of the
1mage formation lenses 104a and 1045. The CCDs 1054 and
1056 can be moved by position adjustment mechanisms
106a and 1060 for adjusting the relative positions of the
CCDs with respect to optical systems.

The structure of the position adjustment mechanism 1064
or 1066 will be described with reference to FIGS. 9 and 10.
FIG. 10 views FIG. 9 from the back thereof (CCD).

A lens barrel 107 includes a focusing Iens system 108 and
a variable magnification lens system 109 which are held by
adjustment frames 110 and 111, respectively. For focusing or
other adjustment, the adjustment frames 110 and 111 are
manipulated to achieve focusing or adjustment of a magni-
fication.

A CCD frame 112 is attached to the back end of the lens
barrel 107. In the CCD frame 112, a CCD 1054 or 1055 is
locked. The CCD frame 112 can be displaced with respect to
the lens barrel 107. The CCD frame 112 is aligned and fixed
using multiple adjusting screws 114 and a fixing screw 115
which are formed on the lens barrel 107. A fixing V-shaped
ditch 116 1s formed on the outer circumference of the front
end of the CCD frame 112. The fixing screw 115 is fitted into
the V-shaped ditch 116. The CCD frame 112 is immobilized
by a CCD frame presser 113.

The foregoing arrangement provides the position adjust-
ment mechanism 106a or 10656. The position adjustment
mechanism need be installed in only one of the optical
systems.

When a relative position of a CCD with respect to an
optical system is to be adjusted, first, the fixing screw 115 is
loosened sufficiently. The multiple adjusting screws 114 are
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then loosened or tightened to move the CCD frame 112
relatively vertically or laterally as shown in FIG. 10. The
CCD frame presser 113 is loosened to rotate the CCD frame
112, thus changing a relative angle of the CCD frame 112
with respect to the lens barrel 107. The position of the CCD
frame 112 in the rotating direction is thereby adjusted. Thus,
the CCD moves on a plane (image plane) perpendicular to
the optical axis of an optical system. As a result, the position
of the CCD with respect to the optical system can be
adjusted.

After the adjustment of the relative position of the CCD
has been completed, the fixing screw 115 is tightened. The
CCD frame 112 is then brought back to the lens barrel 107
along the fixing V-shaped ditch 116 formed on the outer
circumference of the front end of the CCD frame 112. The
CCD frame presser 113 is then tightened to completely fix
the CCD frame 112 to the lens barrel 107.

The positions of the centers of visual fields in images
picked up by two CCDs can be made consistent with each
other 1n a resultant observation image by adjusting the
relative positions of CCDs with respect to optical systems.
Consequently, a subject image with three-dimensionality
can be observed.

FIGS. 11 to 13 show an example of an adjusting means
that achieves adjustment by electrically driving an optical
system. FIG. 11 shows a position adjustment mechanism
121 for adjusting the relative position of a CCD using
electric drive. FIG. 12 views the position adjustment mecha-
nism 121 from the front thereof (in the side of the optical

system). FIG. 13 views the position adjustment mechanism
121 from the back thereof (in the side of the CCD).

A lens barrel 123 is attached to the back end of a
stationary barrel 122 so as to be rotatable. A body of a motor
1235 for rotating the lens barrel is fixed to the outer circum-
ference of the lens barrel 123. A pinion formed on the
rotation axis of the motor 125 is engaged with a gear 124
formed on the outer circumference of the stationary barrel
122. The lens barrel 123 includes a focusing lens system 108
and a variable magnification lens system 109 which are held
by adjustment frames 126 and 127. The bodies of a focusing
motor 128 and a magnification adjustment motor 129 are
fixed to the outer circumference of the lens barrel 123. The
pinions forméd on the rotation axes of the motors are
engaged with the gears on the adjustment frames 126 and
127. For focusing or other adjustment, the motors 128 and
129 are driven by means of drive circuits, which are not
shown, to drive the adjustment frames 126 and 127. Thus,
focusing or magnification adjustment can be achieved.

A displacement member 130 having a square cylindrical
shape 1s mounted on the back end of the lens barrel 123 so
as to be displaced vertically with respect to the lens barrel
123. A CCD frame 131 is mounted on the back end of the
displacement member 130 so as to be displaced laterally
with respect to the displacement member 130. A CCD 136
1§ lJocked in the CCD frame 131. The bodies of CCD position
adjustment motors 132 and 133 are fixed to the outer
circumference of the displacement member 130. A rack 134
1s formed on the side surface of a rectangular collar at the
end of the lens barrel 123. A pinion formed on the rotation
ax1s of the motor 132 is engaged with the rack 134. A rack
135 is formed on the top of a rectangular collar at the front
end of the CCD frame 131. A pinion formed on the rotation
axis of the motor 133 is engaged with the rack 135. The
displacement member 130 and CCD frame 131 are displaced
by rotating the CCD position adjusting motors 132 and 133
by means of drive circuits which are not shown.
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The foregoing arrangement provides the position adjust-
ment mechanism 121.

When the relative position of a CCD with respect to an
optical system is to be adjusted, the CCD position adjust-
ment motor 132 is rotated by a drive circuit which is not
shown. The displacement member 130 is then displaced
vertically with respect to the lens barrel 123 as shown in
F1G. 12. The motor 133 is rotated to displace the CCD frame
131 laterally with respect to the lens barrel 123 as shown in
FIG. 13. The CCD is then aligned vertically and laterally.
For adjustment in the rotating direction, a drive circuit,
which is not shown, is used to rotate the lens barrel rotation
motor 125. This causes the lens barrel 123, displacement
member 130, and CCD frame 131 to rotate with respect to
the stationary barrel 122. Thus, the CCD moves on a plane
perpendicular to the optical axis of the optical system.
Eventually, the position of the CCD is adjusted with respect
to the optical system.

Similar to when the aforesaid mechanical adjustment
means are employed, the positions of the centers of visual
fields in images picked up by two CCDs can be made
consistent with each other in a resultant observation image
by adjusting the relative positions of CCDs with respect to
optical systems. Consequently, a subject image with three-
dimensionality can be observed.

As described above, when the relative positions of CCDs
with respect to optical systems are adjusted, left and right
visual field masks are mismatched due to a variation
between the two optical systems. The visual field masks
produce double images that are hard to see. A visual field
mask moving mechanism 141 shown in FIG. 14 is installed
to match the left and right visual field masks. Consequently,
an excellent observation image suitable for three-dimen- -
sional vision is produced.

A relay lens system 143 is placed in a lens barrel 142. A
mask tube 144 is placed behind the relay lens system 143 at
the back end of the lens barrel 142. The front end of the mask
tube 144 is provided with a visual field mask 145. A fixing
V-shaped ditch 146 is formed along the outer circumference
of the back end of the mask tube 144. Adjusting screws 147
formed on the lens barrel 142 are fitted into the V-shaped
ditch 146. The adjusting screws 147 numbering, for
example, three are formed along the circumference of the
lens barrel 142. An eyepiece 148 is mounted at the back end
of the mask tube 144. The foregoing arrangement provides
a visual field mask moving mechanism 141. The visual field
mask moving mechanism may be instalied in only one of the
optical systems or in both left and right optical systems.

For adjustment of a visual mask, the multiple adjusting
screws 147 are loosened and tightened to move visual field
1asks 145, as shown in FIG. 15, vertically, laterally, and in
the rotating direction with respect to optical systems. In a
three-dimensional vision endoscope 149 in FIG. 15, one of
the visual masks is a movable mask, and the other thereof is
a stationary mask 150.

When the visual mask 145 is thus moved on a plane
perpendicular to the optical axis of an optical system, the
position of the visual field mask with respect to the optical
system 1s regulated so that the center line of the stationary
mask 150 will cross the center line of the movable mask 145.
This allows left and right visual field masks to get consistent
with each other. This results in an excellent observation
image suitable for three-dimensional vision ensues.

A three-dimensional vision rigid endoscope 42 shown in
FIG. 16 includes a focusing mechanism for automatic focus-
ing. The endoscope 42 has the same components as those in
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the previous embodiment for the addition of the focusing
mechanism. The same components will bear the same
numerals, of which description will be omitted. Only dif-
ferent components and operation will be described.

A step motor 20 1s located behind the prism 50 and locked
in the holder body 47b. An axis 21 whose distal portion is
male-threaded 1s projecting from the back of the step motor
20. A fixing member 22 whose center is female-threaded to
engage with the male screw of the axis 21 at the distal
portion thereof is locked in the holder body 47b. The fixing
member 22 includes focusing lenses 23a and 235 that are
placed between the fixed image formation lens 52a and CCD
45a, and between the fixed image formation lens 525 and

CCD 45b.

In the foregoing arrangement, the step motor 20 is driven.
The axis 21 then rotates slightly at a specified angle. The
focusing lenses 23a and 23/ move back and forth. The
positions of the focusing lenses 23a and 23b each placed
between the 1mage formation lens and CCD can thus be
controlled, and the focal distances on the CCDs 45a and 455
can be varied depending on the positions.

In the prior art, to achieve focusing, focusing must be
performed on each of two imaging means. In a three-
dimensional vision endoscope, it is necessary to display left
and nght images at substantially the same position and thus
make left and right focal distances consistent with each
other. Focusing is therefore complex.

In the three-dimensional vision rigid endoscope shown in
FIG. 16, the focusing lenses in two optical systems are
designed to be driven all together. Focusing is thus carried
out. Left and right focusing can therefore be made consistent
with each other easily. The step motor 1s controlled on the
basis of the output signals of CCDs. Thus, an automatic
focusing means is constituted.

FIG. 17 shows a automatic focusing-related mechanism
and an electronic circuitry. Foci of left and right focusing
lenses in an automatic focusing mechanism in FIG. 17 are
shifted by a distance that does not cause an image on a
screen to blur and that falls into a permissible range for both
the leit and right focusing lenses, which intends to minimize
the time required for focusing. Reference numeral d in FIG.
17 denotes the permissible range of shifts for a set focus. An
image on a screen will not blur at whatever points within the
permissible range d of shifts the foci are set. In FIG. 17, the
permissible range of shifts is exaggerated for better under-
standing.

An automatic focusing circuit 24 shown in FIG. 17
includes contour extracting circuits 25a and 25b for extract-
ing contours of images from the outputs of the CCDs 454
and 45b, contour comparators 26a and 265 for comparing
the extracted contours, and an optimal image forming posi-
tion determining circuit 27 for detecting an optimal image
forming position on the basis of the outputs of the contour
comparators 26a and 26b.

The optimal image forming position determining circuit
27 provides a movement value instructing circuit 28 with an
output. The movement value instructing circuit 28 drives the
step motor 20 via a motor drive circuit 29.

In the foregoing arrangement, light beams emerging from
the left and right focusing lenses 23a and 23b are focused on
the left and nght CCDs. When either of the light beams is in
focus, the other beam is slightly out of focus. When the
focusing lenses 23a and 230 are moved back and forth all
together so as to come into focus, the time required for
focusing can be minimized. This is because when the
focusing lenses 23a and 23b come within the permissible
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range of shifts, d, the automatic focusing circuit 24 recog-
nizes that the focusing lenses 23a or 23b arc in focus. As
described previously, this arrangement requires initial
adjustment alone before left and right focusing get consis-
tent with each other.

A three-dimensional vision rigid endoscope apparatus
shown in FIG. 18 is a variant of the arrangement shown in

FIG. 17.

In addition to the components shown in FIG. 16, a
three-dimensional vision rigid endoscope 42A includes a
half prism 61, an adjustment CCD 62, and peripheral circuits
63. The hailf prism 61 divides light transmitted by the
focusing lens 23a into two beams. One of the two beams
enters the CCD 454, and the other thercof enters the adjust-
ment CCD 62.

The CCDs 45a and 45b are separated by the same distance
(focal distance) from the focusing lenses 23a and 235. The
relationships of the CCD 458a and adjustment CCD 62 are
identical to those of the CCDs shown in FIG. 17; that is, the
positions of the CCD 454 and adjustment CCD 62 arc
shifted within the permissible range d.

The automatic focusing circuit shown in FIG. 18 performs
automatic focusing, similarly to the arrangement shown in
FIG. 16, on the basis of the output signals of first and third
signal processing circuits 32a and 32¢. An extracted contour
comparator 26 is formed by uniting the contour comparators

26a and 26b.

The montitor 31 displays left and right images sent from
a three-dimensional signal processing circuit 36 for process-
ing the outputs of first and second signal processing circuits
32a and 326 1n order to construct a three-dimensional image.
Three-dimensional observation is performed as described
previously, of which description will therefore be omitted.

The arrangement shown in FIG, 18 has a drawback in that
additional components are needed, which, however, pro-
vides an advantage over the arrangement shown in FIG. 17
in a point that imaging means for three-dimensional obser-
vation can be positioned at best focal points all the time. The
other advantages are identical to those in the arrangement

shown 1n FIG. 17.

A three-dimensional vision rigid endoscope apparatus
shown in FIG. 19 has an arrangement that adjustment is
performed by relating a focused portion of an image
(referred to as a focus area) with a portion thereof having
naturalness and three-dimensionality (referred to as a three-
dimensional vision area).

A three-dimensional vision rigid endoscope 69 in FIG. 19
includes two objective lenses 64, prism lenses 63a and 635
for changing the optical paths of incident light beams, a
relay lens system 65 consisting of multiple lenses, and an
image formation lens 66 located at the extreme end of the
relay lens system 63. The relay lens system 65 transmits left
and right subject images, which has a parallax between
them, passing through the two objective lenses 64 concur-
rently but separately relative to pupils.

Left and nght subject images formed by the image
formation lens 66 are separated in directions perpendicular
to the optical axis thereof by two built-in prisms 67, and then
fed to CCDs 68a and 68b. The two prisms 67 are separated
from each other.

Owing to the two CCDs, the three-dimensional vision
rigid endoscope 69 provides left and right subject images
having a parallax between them.

On the other hand, a CCD 70 shown in FIG. 19, similarly
to the control unit 30 in FIG. 3, performs signal processing
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in order to display images on a monitor 71 for three-
dimensional observation. |

A feedback control unit 72 uses an internal signal of the
CCU 70 to give an instruction to a focusing mechanism 73,
so that the focus area and three-dimensional vision area will
be matched at a certain ratio all the time.

The focusing mechanism 73 is a mechanism for moving
the 1image formation lens 66 back and forth along the optical
axis thereotf, which includes, for example, a motor.

An example of the feedback control unit 72 is the auto-
matic focusing circuit shown in FIGS. 17 and 18, or the
optimal image forming position determining circuit 27
including a CPU which is not shown. The CPU sets data of
appropriate values for the focus and three-dimensional
vision areas. The CPU inputs a signal from, for example, the
image mismatch detector 38, which is shown in FIG. 1,
incorporated in the CCU 70, and then extends control as

- described below.

The CPU has data including a quantity of adjustment
(appropriate value) for the focus area and a quantity of
adjustment (appropriate value) for image mismatch. The
CPU can adjust the focus and three-dimensional vision areas
independently of each other so as to optimize the values of
the respective areas.

In another control sequence, the CPU follows a built-in
table that contains the quantities of adjustment for the focus
area in association with the quantities of adjustment for
image musmatch. When either of associated areas is
adjusted, the other area is automatically adjusted according
to the table. Thus, feedback control is achieved. When the
focus area is to be adjusted, the CPU controls the focusing
mechanism 73 according to the table. When image mismatch
18 to be adjusted, the CPU controls the memory control
circuits 39a and 396 shown in FIG. 3, or the image mismatch
detector 38 according to the table.

In a conventional three-dimensional vision rigid endo-
scope apparatus, the focus area and three-dimensional vision
area are set irrelevant to each other and adjusted indepen-
dently of each other. In an endoscope in which either the
focus or three-dimensional vision area covers an entire
image, only the other area should be adjusted. In an endo-
scope in which both the focus and three-dimensional vision
areas are too small to overlap, both the areas should be
adjusted. When the focus and three-dir
are greatly deviated from each other, only limited portions of
the areas are usable for observation.

In contrast with the prior art, in the three-dimensional
vision rigid endoscope apparatus 74 shown in FIG. 19,
whichever the focus or three-dimensional vision area is
adjusted, the other area is adjusted automatically so that the
focus and three-dimensional vision areas will be matched at
a certain ratio all the time. An easy-to-see image ensues.

A three-dimensional vision rigid endoscope apparatus 75
shown in FIG. 20 includes a three-dimensional vision rigid
endoscope 76 instead of the three-dimensional vision rigid
endoscope 69. The endoscope 76 does not have the prisms
63a, 63b, and 67, which are included in the components of
the three-dimensional vision rigid endoscope 69, but
includes two relay optical systems 65 and two image for-
mation lenses 66. The other components and operation
identical to those of the apparatus shown in FIG. 19 will bear
the same reference numerals, of which description will be
omitted.

The three-dimensional vision endoscope apparatus 75 has
two objective lenses 66, which is therefore provided with
two focusing mechanisms. The focusing mechanisms 73a
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and 73b receive an instruction from a feedback control unit
72 via a left and right focus matching unit 77. The left and
right focus matching unit 77 performs matching so that the
left and right objective lenses 66 will move in a well-
balanced consistent manner. That is to say, the left and right
focus matching unit 77 matches left and right foci.

When the structure shown in FIG. 16 is employed as a
focusing mechanism, the left and right focus matching unit
77 becomes unnecessary. Nevertheless, the same advantages
as those provided by the foregoing three-dimensional vision
rigid endoscope apparatus 75 are available.

A three-dimensional vision rigid endoscope 78 shown in
FIG. 21 does not have two relay optical systems 65, which
are included in the three-dimensional vision rigid endoscope
76 shown in FIG. 20, but includes an endoscope 79 in which
CCDs 68a and 685 are installed in the vicinity of the distal
end thereof. The other components, and the operation and
advantages are 1dentical to those in the apparatus shown in
FIG. 20. The components will bear the same reference
numerals, of which description will be omitted.

A three-dimensional vision rigid endoscope 80 shown in
FIG. 22 includes a mismatch value detector 81 that detects
a quantity of mismatch between left and right images over
a region from a near point to a far point so that only the
porttons of left and right images, between which a quantity
of mismatch is within a certain value, will come into focus,
and a computing unit 82 for performing computation in
comparing a detected quantity of mismatch with a three-
dimensional vision area. The computing unit 82 performs
focusing on an area (three-dimensional vision area) in which
a quantity of mismatch is less than the certain value but does
not perform focusing outside the three-dimensional vision
arca.

When a subject is located at a near point, the subject
1mage comes into focus in a wide focal plane; that is, the left
and right subject images are therefore mismatched. When a
subject 1s located at a far point, the subject image is clearly
divided into two portions. At either the near or far point, the
resultant observation image is hard to see. The three-dimen-
stonal vision rigid endoscope 80 shown in FIG. 22 performs
focusing only in the three-dimensional vision area permit-
ting three-dimensionality (a permissible quantity of mis-
match between left and right images). An area of an obser-
vation image originating from left and right images that are
mismatched and seen separated from each other; such as, an
observation image resulting from 1maging of a subject at a
near point or a far point is blurred. This prevents the entire
observation image from becoming hard to see.

The relationship between a shift in focal distance and a
change in three-dimensional vision area will be described
with reference to FIGS. 23 and 24.

In a three-dimensional vision endoscope 161, when a
distance from a subject varies, focusing lenses 162a and
1620 are moved back and forth along the optical axes
thereof. A focal point i1s thus moved according to a subject.
‘The optical axes of the left and right optical systems cross
each other at a point different from the best focal point. This
causes a point permitting three-dimensionality to differ from
a tocal point. The resultant observation image becomes very
hard to see and causes an observer to feel fatigued soon.
CCDs 163a and 16356 are interlocked with the focusing
lenses 162a and 162b, and moved on planes perpendicular
to the optical axes thereof. The center points of subject
images picked up by the CCDs are then displaced to match
the best focal point and the intersection along visual fields
between the left and right optical systems. For example, as
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shown 1n FIG. 23, a distance from the distal part of an
endoscope to the best focal point 1s shifted to a, b, and c.
Interlocked with the shift, the CCDs 163a and 1635 moves
so that the intersection along visual fields between the left
and right optical systems will fall on A, B, and C.

As shown in FIG. 24, a subject tmage 1s formed so that a
formation area 164 of the subject image will be larger than
an imaging region 165 of a CCD. Even when the CCD 1634
or 1635 is moved and the imaging region 165 of the CCD is
displaced from a position shown in FIG. 21a to a position
shown 1n FIG. 21b, the imaging region 165 of the CCD is
still located within the formation region 164 of a subject
image. The subject image can thus be displayed all over a
monitor screen,

As described above, the best focal point and the intersec-
tion along visual ficlds between left and right optical sys-
tems are matched, thus aliowing only the three-dimensional
vision area permitting three-dimensionality to come into
focus. This results in an excellent observation image suitable
for three-dimensional vision, which does not fatigue an
observer even when a distance to a subject varies.

In the present invention, it will be apparent that a wide
range of embodiments can be formed on the basis of the
invention without departing from the spirit and scope of the
invention. This invention will be limited to the appended
claims but not restricted to any specific embodiments.

What is claimed is:

1. A three-dimension vision endoscope apparatus com-
prising:
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a pair of optical systems for transmitting an image of a
subject as two subject images having a parallax
between them;

a pair of imaging means for picking up said subject
images transmitted by said optical systems;

a display means including a screen for displaying said two
subject 1mages cither alternately or concurrently;

an adjusting means for adjusting said subject images to be
displayed, said subject images being displayed at speci-
fied distances from positions at which subject images
enter said optical systems, said subject images being
positionally aligned on said screen of said display
means by said adjusting means, wherein said adjusting
means 1S a mechanical adjustment means for adjusting
the position of at least one of said imaging means along
a direction perpendicular to an optical axis of one of
said pair of optical systems for transmitting said cor-
responding subject images; and

a visual field mask position adjustment mechanism

including adjusting screws and a mask tube, wherein
sald adjusting screws are used to change the relative
position of said mask tube, said mask tube including a
visual field mask lying in a lens barrel including one of
said pair of optical systems.

2. A three-dimensional vision endoscope apparatus
according to claim 1, wherein said visual field mask position
adjustment mechanism is installed in both or either of
proximal ends of said pair of optical systems.
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